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patients with advanced cancer. In phase 2 clinical trials of patients with metastatic melanoma and renal cell carcinoma, HD IL-2 demonstrated an objective response rate of 15-20 % and, based on this, was approved by the FDA for the treatment of metastatic renal cell carcinoma in 1992 and metastatic melanoma in 1996 [1] [2] [3] . Notably, between 5 and 10 % of patients treated with HD IL-2 have been reported to achieve a durable complete response, which in the majority of cases is not associated with further recurrence [4] . Another 10-15 % of patients will have an objective partial response, which has been associated with a median overall survival of 36-45 months [5] . In addition to objective responders, some patients achieve stable disease (SD) following treatment; however, there is a paucity of published data describing the frequency of this response and its prognostic significance.
Traditionally, the efficacy of HD IL-2 has been defined according to Response Evaluation Criteria in Solid Tumors (RECIST) or World Health Organization (WHO) criteria as an objective complete or partial response [6] . However, the use of upfront tumor regression as a surrogate endpoint for improved survival is based on historical experience with cytotoxic chemotherapy response patterns in which SD is generally short-lived and not associated with durable clinical benefit [6] [7] [8] . In contrast, recent studies have suggested that clinically meaningful responses to immunotherapy can occur after a delayed period and manifest with novel patterns of regression, which traditional evaluation rubrics may fail to accurately capture [9] [10] [11] .
A good example of new response patterns observed with immuno-oncology agents is provided by recent experience with the T cell checkpoint inhibitor, ipilimumab, that was approved in 2011 by the US Food and Drug Administration for the treatment of patients with metastatic melanoma [12] . In clinical trials of ipilimumab, eventual tumor regression was found to follow several patterns, including an initial period of prolonged SD or disease progression [11, 13] . In some cases, radiographically apparent tumor regression did not occur for more than 12 weeks. Durable SD, with or without mild gradual regression, was a frequent outcome and associated with improved survival. More recently, immune-related response patterns have also been reported with an anti-programmed death 1 (PD-1) monoclonal antibody [14] . The kinetics of response to HD IL-2, however, has not been previously described.
Given the recent experience with ipilimumab, we sought to explore the hypothesis that patients treated with HD IL-2 who achieve SD as the initial response to therapy may experience a significant survival benefit compared to patients who have clear disease progression after HD IL-2 treatment. In order to generate data, we conducted a retrospective review of a large prospectively collected HD IL-2 database. Here, we report the long-term survival outcomes of patients with metastatic melanoma and renal cell carcinoma who achieved SD following their initial course of HD IL-2. Although this study is limited by the retrospective nature of the analysis, the data do support the underlying hypothesis and support further prospective studies to better define the full therapeutic potential of HD IL-2.
Patients and methods

Patients and response assessment
A retrospective chart review was conducted on all patients treated with HD IL-2 by a single physician between 2000 and 2012. The data were collected after acknowledgment by the Institutional Review Board (IRB), and written informed consent was obtained by all participating subjects. Patient characteristics, including age, sex, primary diagnosis, stage, location of metastasis and LDH were all collected and are reported based on all available data. Response to IL-2 was based on RECIST criteria and was determined following the initial course (two cycles) of therapy. The RECIST criteria defined progressive disease (PD) as more than a 20 % increase in area of disease based on radiographic imaging. Stable/mixed (SD) response was described as less than a 20 % increase in disease but not more than a 30 % decrease in disease. A partial response was defined as at least a 30 % reduction in tumor burden, while a complete response indicated that no tumor was visible on radiographic studies [15] . For the purposes of this analysis, an objective response included all patients with a complete or partial response to therapy, as this has been the metric applied to prior reports of clinical response to HD IL-2. A disease control rate (DCR), where reported, includes all patients who did not progress following their initial course of therapy (CR + PR + SD).
Treatment regimen IL-2 was administered as a 600,000 IU/kg intravenous bolus every 8 h for up to 15 doses. Patients were admitted to an inpatient unit for physiologic monitoring and clinical management. Therapy was stopped after 15 doses or when the patient had Grade III/IV adverse events, as described in the Common Toxicity Criteria for Adverse Events (CTCAE) put forth by the National Cancer Institute, that did not resolve within 24 h. Patients typically received two cycles of therapy with a 1-2 weeks interval between cycles. All patients underwent full-body imaging, including computed tomography (CT) scans of the chest, abdomen and pelvis and a magnetic resonance imaging (MRI) scan of the brain prior to and 4-6 weeks after completion of a course of therapy. Patients with stable or partial response were offered subsequent courses of treatment.
Statistical analyses
Descriptive statistics were obtained and reported. Overall survival was the primary endpoint and was calculated from the date when HD IL-2 was initiated to the last date of known follow-up. Final status was determined at the last date of follow-up, and patients were noted to be alive, deceased or lost to follow-up. Differences in overall survival were calculated using the log-rank test, and Kaplan-Meier curves were used to estimate median overall survival. Statistical analyses were completed using the statistical software R (R Foundation). We also conducted landmark analyses at 1-year, 2-year and 3-year time points. Landmark analysis was conducted by calculating percent of patients who remained alive and not lost to follow-up at the first, second and third year following initial treatment date with HD IL-2.
Results
Patient characteristics
The total study population consisted of 305 consecutive patients with unresectable stage III or IV melanoma or stage IV renal cell carcinoma treated with HD IL-2. Initial response data were missing on 12 patients, 19 patients had unavailable survival data and another 57 patients were missing both response and survival data after complete chart review. Final survival analysis was conducted on 217 patients for whom all necessary response and survival data were available (Fig. 1 ). Demographics and response to therapy are presented in Table 1 . The average age among patients in this cohort was 54.9 years, and the median age was 57 years. In this series, 147 (67.7 %) were male and 70 (32.3 %) were female. One hundred and seventytwo (79.3 %) of the patients carried a diagnosis of metastatic melanoma, and 45 (20.7 %) had metastatic renal cell carcinoma.
Progressive disease was noted in 128 (59.0 %) of patients. Another 57 (26.3 %) patients were categorized as stable or mixed response based on initial assessment after one course of HD IL-2. A total of 24 (11.1 %) patients had a partial response, while 8 (3.7 %) patients had a documented complete response after one course of HD IL-2. The objective response rate (CR + PR) was 32/217 (14.7 %). The DCR was 89/217 (41.0 %). Among patients who had a stable response to therapy, 18 patients had extent of disease limited to distant lymph nodes, skin and soft tissue (Stage IV MIA), 29 patients had metastatic disease in the lungs (Stage IV MIB) and 14 patients had disease involving the central nervous system or other viscera (Stage IV M1C). Of note, many patients in this analysis with metastatic disease to viscera or the central nervous system also had skin, soft tissue, distant nodal or pulmonary disease at the time of treatment. A summary of metastatic sites is described in Table 2 .
Overall survival analyses
The median overall survival of all 226 patients with available follow-up data was 16.8 months (Fig. 2a) . Patients with an objective response had a better overall survival compared to patients who did not achieve an objective response (median survival not reached vs. 13.8 months, p = 0.001; Fig. 2b ). Patients with SD exhibited better overall survival compared to patients with PD (38.2 vs. 7.2 months, p = 0.001; Fig. 3 ). We next sought to determine whether DCR was associated with better overall survival compared to patients with PD. We found that DCR was associated with a 50.4 month overall survival compared to patients with PD experiencing an overall survival of 7.2 months (p = 0.001; Fig. 4 ). Landmark analysis demonstrated that the 1-, 2-, and 3-year survival rates were greatest for an objective response (92.0, 87.5 and 78.3 %, respectively). The 1-year survival for patients with SD was 92.5 % equivalent to those patients who had an objective response and better than patients with PD who had a 1-year survival of 36.2 %. The 2-year survival was 9.9 % in patients with PD and was 70.5 % in those with SD. A similar trend was seen at the 3-year landmark survival with 78.3 % of objective responders alive, 47.5 % of SD patients alive and only 3.6 % of the PD patients still alive. Overall, those patients with SD had a better survival at each of these time points compared to patients with PD (Table 3) .
Discussion
In this retrospective analysis of a large cohort of patients with advanced melanoma and renal cell carcinoma who were treated with HD IL-2, 26.3 % achieved stable disease by RECIST criteria at initial response assessment following one course of treatment (Table 1) , and this was associated with a median survival over fivefold longer than non-responders (38.2 vs. 7.2 months, p = 0.001; Fig. 3 ). Importantly, the majority of melanoma patients with SD presented with distant visceral metastases, suggesting that these outcomes are not merely attributable to early substage, which is independently associated with a better prognosis ( Table 2 ) [16] . While the retrospective nature of this study precludes definitive conclusions, the significant association between overall survival and SD suggests that the clinical benefit of HD IL-2 may be underestimated by reporting objective response rates alone. When taking SD into account, HD IL-2 had a DCR of 41 % and this was associated with a survival advantage compared to patients who had PD at first assessment (Fig. 4) . The clinical benefit was further supported by a 1-, 2-and 3-year landmark analysis that confirmed patients who achieved SD as the initial response to HD IL-2 had a durable improvement in overall survival compared to patients who progressed at 1, 2 and 3 years (Table 3) . Although historical data surrounding the long-term outcomes of patients with SD are limited, our results are consistent with recent reports in the literature. In a singlecenter review of 500 patients treated with HD IL-2, 21 % achieved SD, and this was associated with a median OS of 32.6 months among those with metastatic melanoma and 57.2 months for those with renal cell carcinoma [17] . A recent analysis of a multi-institution observational registry similarly reported a median OS for melanoma patients with SD to be 36.6 months [18] . It should be noted that the overall objective response rate in our study of 13.6 % is slightly lower than what is reported elsewhere in the literature. This is likely due to our strict use of initial response after one course of therapy as opposed to best overall response after further courses of treatment. Additionally, the use of newer imaging technology, especially in the last few years, may increase the sensitivity of our assessment protocols, resulting in a higher false positive rate of tumor detection.
The assumption that stable disease is not indicative of a meaningful therapeutic response originates from historical experience with cytotoxic chemotherapy in which SD is generally neither durable nor associated with improved survival [6] [7] [8] . Immunotherapy, however, represents a major paradigm shift in the mechanism of anti-tumor activity for the treatment of neoplastic disease. Whereas chemotherapy, when effective, acts directly on cancer cells to induce cytotoxic changes that typically result in objective regression within weeks, tumor immunotherapy works indirectly by priming and expanding host anti-tumor immune responses. The process of inducing host lymphocytes to recognize, infiltrate, and ultimately mediate the regression of clinically apparent tumors can take a considerable amount of time to occur depending on the therapeutic agent, host immune response kinetics, and specific features of the tumor and tumor microenvironment. While lack of tumor regression within weeks of chemotherapy may result from a variety of different tumor-specific resistance mechanisms [19] , SD following immunotherapy may still represent a mounting anti-tumor immune response, the kinetics of which can be delayed, manifest heterogeneously, and include novel patterns of regression [10, 20] .
The concept that immunotherapy can be associated with unique patterns of response which fundamentally differ from cytotoxic chemotherapy has been well described in melanoma patients treated with ipilimumab [11, 20] . 
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Careful analyses of clinical trials with ipilimumab revealed that eventual reductions in overall tumor burden may be delayed and can follow an initial period of SD, a transient increase in tumor size, or the appearance of new lesions. PD followed by later regression may be attributable to continued tumor growth pending the development of a sufficiently robust anti-tumor immune response. Alternatively, early radiographic tumor enlargement may be the result of infiltration of the tumor by lymphocytes, inflammatory cells, and accompanying edema, as opposed to an actual increase in the number of tumor cells, a so-called tumor "flare" [21] . Similarly, small, previously undetected lesions can initially enlarge due to immune cell infiltration and, as such, give a misleading radiographic impression of PD. In addition, a significant proportion of patients treated with ipilimumab have been reported to achieve disease stabilization that is durable and associated with prolonged overall survival [12, 13] . These observations with ipilimumab have led to the development of a new set of immunotherapy-specific response guidelines, termed immune-related response criteria (irRC), designed to account for nonconventional but clinically beneficial responses which would otherwise be overlooked with RECIST and WHO criteria [11] . Whereas RECIST and WHO criteria define the appearance of new lesions as PD, irRC evaluates treatment response according to changes in total tumor burden, defined as the sum of the product of the largest biperpendicular diameters of all index lesions as well as any new measurable lesions that emerge after treatment. By incorporating new lesions into measurements of total tumor burden, this model is able to account for eventual regression which is preceded by tumor enlargement and/or accompanied by the appearance of new lesions while still capturing traditional WHO-defined response categories. To accommodate for delayed kinetics of response, establishing PD according to irRC requires measurement of total tumor burden at two separate points in time at least 4 weeks apart. Retrospectively applying irRC to a large phase 2 clinical trial data set suggested that an additional 9.7 % of patients had in fact achieved a therapeutic response which according to WHO criteria was categorized as PD; the majority were categorized as a having immune-related SD, and survival among this subset was noted to be similar to those with WHO-defined disease control [11] . The development of irRC represents a promising stride toward a refined immunotherapy treatment response metric but still requires prospective validation before it can be applied in the clinical setting.
In our study, it is unclear whether patients with SD after a single course subsequently experienced delayed regression, prolonged stabilization (with or without mild gradual regression), or simply indolent progression. Similar to ipilimumab, however, it may be useful to consider confirmatory imaging studies prior to defining responses in patients treated with HD IL-2. The data would also support continuing treatment with HD IL-2 in those patients who do have SD at initial assessment. Future studies may seek to incorporate radiographic data from multiple time points to better characterize response kinetics and account for immunerelated response patterns.
Given the association observed between SD and overall survival following HD IL-2 treatment in this study, a more accurate measure of clinical impact may be captured by the DCR, which incorporates the objective response with SD patients (CR + PR + SD), as has been reported with ipilimumab [12, 13] . HD IL-2 in this study had DCR of 37.7 % and patients with in the DCR group also had improved overall survival compared to patients with PD (Fig. 4) , suggesting that the clinically meaningful effects of treatment may actually extend to far more patients than reported in the initial studies of IL-2. While HD IL-2 is not a new drug, clinicians should be aware that HD IL-2 is a valuable treatment options for many patients with metastatic melanoma and renal cell carcinoma, and like other immunotherapy regimens, is associated with durable clinical responses in a significant number of patients.
Conclusions
In this retrospective analysis, nearly a quarter of patients with metastatic melanoma and renal cell carcinoma treated with HD IL-2 achieved SD after one course of treatment and this was associated with better overall survival compared to those patients with PD. Taking SD into account, treatment with HD IL-2 had a DCR of 37.7 %, suggesting that the traditionally reported response rate of 15-20 % may underestimate the true clinical impact of HD IL-2. Although a prospective clinical trial is needed to further validate this finding, the data suggest that DCR may be a more appropriate measure of clinical benefit with HD IL-2 and should be considered in future clinical studies of HD IL-2 immunotherapy.
